ABSTRACT. Speckle observations of binary stars began at the Naval Observatory in late 1990, employing a new camera largely modeled on the Georgia State device, attached to the 66 cm refractor. To date, more than 7,000 measures have been obtained of pairs in the separation range of 0.3 to 3 arc seconds.
INTRODUCTION
The U. S. Naval Observatory has long produced observations of double stars as part of its astrometric mission. Such measurements have been made by a variety of methods, including visual, photographic, and speckle and longbaseline interferometry over a period well exceeding a century.
Although the writer had long conducted a successful series of visual measures with the 66 cm refractor, it became apparent some time ago that provision of a more accurate and impersonal technique to assure continuance of this work was imperative. Consequently, investigations were initiated in 1984 aimed at the implementation of a speckle program for the refractor. By this time, the power of this method, originally pointed out by Labeyrie (1970) , was evident, and some thousands of speckle observations of close binary stars had already been made, principally by McAlister and his colleagues at Georgia State University. Moreover, there were also important improvements in instrumentation, including better detectors and automated digital cameras, and improved software. The time, therefore, was ripe to give serious consideration to a new generation speckle instrument, which, while specifically intended for use with the refractor, would be flexible and portable enough to enable its use on other telescopes.
INSTRUMENTATION
After discussions with the Georgia State (CHARA) group, a trip to both the Lowell and Kitt Peak Observatories was arranged. The CHARA speckle camera was first attached to the Lowell 60 cm refractor, to verify that speckle observations could be made successfully with a refractor. There was no problem, so the writer joined the CHARA observers at Kitt Peak for experience in speckle observations with the 4 m reflector. Following this, serious planning for the Naval Observatory instrument began.
The resultant instrument was delivered in October 1990, and worked well from the beginning. In its original form it has been described by Worley and Douglass (1992) . Since the inception of the program, several improvements have been made. The original ICCD detector produced by ITT was replaced in 1995 by a new detector manufactured by Electro-Optical Services (EOS), Inc. The new device is more sensitive and has a greater dynamic range, so that fainter pairs and those with larger magnitude differences can now be observed. A new "g" filter with a somewhat smaller halfwidth (450 A) also has been installed. Both the software acquisition and reduction programs have been greatly improved by M. Germain, and now yield quicker and more positive camera control, as well as much more efficient processing of the acquired speckle data. Orientation has been checked by star trails; however, these have not proved reliable because of jitter caused by the long moment-arm of the refractor. We believe a current modification of our procedure, involving a lower magnifying power and greater initial offset, will yield better results. An alternative method is calibration of both orientation and scale by means of an objective grating. This has been constructed. It consists of six slits of widths and spacings calculated to give us at least two orders suitably spaced, and with a reasonable magnitude difference. With our rotatable mechanism originally designed for magnitude and directional compensation of photographic double star images, we are able to use this grating in a "crossed" fashion (rotated ninety degrees), thus providing independent measures of the scale in χ and y, as well as the orientation of the detector. Reasonable results have been obtained, although we are aware of a continued need to perform calibrations due to the fact that the camera must be removed periodically from the telescope.
Of course, problems also have been encountered. The worst of these involved a severe lightning strike in 1992, where the output video line apparently acted as an antenna. Severe damage was done to both the control and acquisition computers. Although the system was powered down at the time, we have since adopted the policy of disconnection of all susceptible leads when the system is not in use.
OBSERVING PROGRAM
The observing program with the 66 cm refractor was designed with two goals in mind. First, we wished to provide quality astrometric observations for all pairs within the capacity of our telescope and equipment, and, secondly, we hoped to provide a firm link between the speckle technique and the classical astrometry of double stars. At the same time, we wished to gain experience with speckle both to increase our understanding of its potentialities and limitations, and to prepare us for future use of larger telescopes.
Since inception of the program, more than 7 000 measures of 781 pairs have been obtained. The new EOS detector permits observations of pairs closer than 5 arc seconds, and with magnitude differences of 3, contrasted with earlier limits of 3 arc seconds and about Amag. 2.5. We therefore anticipate that about 1 500 pairs will be accessible, given good seeing and transparency conditions. As is obvious from the above observation statistics, strong series of measures have been obtained for many "classical" moving pairs in several seasons. This success has led to some amusement on our part at statements in the literature that speckle cannot be successfully attempted with telescopes having apertures less than lm because too few speckles will be detected (on a fairly bright pair we detect many thousands of speckle pairs in a one minute observation, where the individual frame exposure is around 10 ms). At the moment we are preparing an initial list of more than 2 300 measures for publication. Recent data published by the CHARA group finally has provided a sufficient overlap in pairs observed in common to permit the following comparison of results in Table 1 , from 97 measures observed nearly simultaneously, taken in the sense CHARA-USNO:
These results are satisfactory and indicate no certain difference in the two series. The recent speckle results from Yale (Horch et al. 1996) , have only three pairs in common, but also indicate no substantial differences. Other published speckle data cannot be used, either due to lack of commonality of objects and epochs, or because of evident calibration problems.
SOME COMMENTS ON THE NATURE OF SPECKLE
Speckle exploits the "seeing" inherent in our turbulent atmosphere, and therefore would not work in the absence of this turbulence. In fact, contrary to an often expressed notion, the quality of the seeing is very important in speckle observations, and there are times when the turbulence is so bad that there is effectively no correlation buried in the noise. In such circumstances, speckle observations are not possible.
Speckle works by freezing the changing fine structure present in a highly magnified star image. In our case, microscope objectives effectively increase our F/15 focal ratio to the range of F/75 to F/300. Unlike the Michelson technique, where narrow slits are used, speckle uses the entire aperture. Data are "frozen" in frames taken at the rate of 30 exposures/second. Turbulence cells distort the incoming plane wave front from starlight, resulting in a random phase distribution, so that at a given time a number of patches constructively interfere to produce speckles. With a large aperture, many speckles are produced, and the resultant confusion disk usually extends over a number of arc seconds. Nevertheless, embedded in this disk are the individual speckles, which, since they come from all over the aperture, approximate the diffraction limit. With a smaller aperture, many fewer cells are present, and the available light is often seen combined into just a few predominant speckles.
While the term "speckle" is new, visual double star observers have been observing this phenomenon for several centuries. The combination of the human eye as a detector, together with the brain as a slow but perceptive computer, has enabled diffraction limited observations to be made under good, and even sometimes in poor, seeing conditions. Great observers such as Van Biesbroeck, Finsen and van den Bos, have all commented to the writer concerning this fact with some puzzlement. But the explanation is now clear.
It also explains why Rabe, with an eleven-inch telescope and ocular magnification, was occasionally able to photograph double stars near the diffraction limit of his instrument. Thus, the concept and modern development of speckle techniques has not only solved a conceptual problem, but has provided a powerful tool to produce impersonal and accurate double star data.
